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ADVANCES IN PROCESSING & FORMULATION 


PRODUCTION OF SHRIMP (LITOPENAEUSVANNAMEI) 
WITHOUT MARINE PROTEINS IN A BIOFLOC SYSTEM 

A good balanced feed can be produced without ma¬ 
rine proteins, as long as digestible protein sources 
are used and amino acids are balanced 

NEW PERSSPECTIVES ON COPPER REQUIREMENTS AND 
AVAILABILITY FOR PACIFIC WHITE SHRIMP 
(LITOPENAEUS VANNAMEI) 

Chelated copper is more available than inorganic 
copper sulfate to Pacific white shrimp from diets 
containing phytic acid and is safe, effective and 
highly available source of copper for Pacific white 
shrimp Litopenaeus vannamei 


ARTEMIA REPLACEMENT AN OPPORTUNITY FOR 
INDUSTRIAL HATCHERY PRODUCTION 

Trials with Skretting's GEMMA Micro, show it to eco¬ 
nomically replace Artemia with benefits in terms of 
quality, growth and reliability of production 


EXTRUSION AND SANITARY FEED PRODUCTION 

A discussion on sanitary conditions and controls in 
extruded aquafeed production 

AQUAFEED HORIZONS 2011 

Program details are now available for the 
Aquafeed.com conference, organized this year in 
association with NOFIMA 
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Production of shrimp (Litopenaeus vannamei) 

WITHOUT AAARINE PROTEINS IN A 
BIOFLOC SYSTEM 


By Eric De Muylder, Leon Claessens & Mekki Herizi, Crevetope 


Fish meal has become a valuable and expensive 
ingredient and its utilization should be mini¬ 
mized as much as possible. The future of aqua¬ 
culture will depend on the possibility to pro¬ 
duce seafood with a limited availability of this 
raw material. 

Bioflocs 

At intensive aeration the feces of shrimp are 
assimilated by bacteria. These bacteria form 
colonies. Also rest products (fibers etc) and 
micro-organisms are part of these bioflocs. 
These bacteria take pollutants out of the water 
(ammonia) and convert them into proteins. 
Shrimp consume these bioflocs actively or 
passively by filter feeding. 

Goal of the experiment 

The goals was to produce shrimp without the 
utilization of marine proteins (no fish meal, no 
squid meal, no shrimp meal) in the feeds and 
use the bioflocs to recycle waste protein and 
nitrogen in the shrimp tank to complement the 
pelleted feeds with live organisms. 



Production 


of shrimp without water exchange with the 
utilization of bioflocs has gained a lot of interest 
recently. The presence of bioflocs in the shrimp 


farming system not only maintains a good water quality, but also provides essential and high quality 
nutrients to the shrimp. This additional feed makes it possible to obtain fast growth and low FCR. Avoid¬ 
ing water exchange also increases biosecurity 
since the water is often the source of patho¬ 
gens. 


Biofloc 



) 
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Material & Methods 

Two diets were formulated and pressed on a 2 mm die: a reference diet with 20 % fish meal (FM) and a 
diet without any marine protein (see table): 


Table 1 


Reference 

No FM 

Danish fish meal 

20 


Corn Gluten 

11 

12 

Soybean meal 16 

16 


Hemoglobin powder 


6 

Wheat flour 

31 

24,3 

Canola 12 


12 

Fish oil & Lecitihn 

6 

6,8 

Wheat gluten 

2 

2 

Other 


2 

Amino acid mix 


7,4 

Premix 2 


2 

Composition: 

Crude Protein 

37,74 

38,43 

Lipids 8,61 


8,54 

HUFA 0,89 


0,76 

Crude fibers 

2,92 

3,42 

Ash content 

6,44 

5,66 

Raw material cost (Euro/MT) 

690 

530 


Shrimp were put in 12 nets of 150 L at the AFT-CreveTec Research center in Venray, Netherlands. The 
nets were submerged in a bigger tank, which was connected to a biofloc reactor. Water quality was 
maintained through bioflocs. Each net was stocked with 25 shrimp (Litopenaeus vannamei) of 13 g each. 
The shrimp trial lasted for six weeks. 


Table 2 


Reference 

No FM 

Initial individual weight (g) 

13,05 

12,85 

Final individual weight (g) 

22,44 

22,63 

Average growth (g/week) 

1,565 

1,629 

FCR 1,81 


1,44 

Survival 77,00% 


83,00% 
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Crevetope shrimp produced in a biofloc system 


Results 

Both diets enabled excellent growth (>1,5g/week), and the 
diet without marine proteins was at least as good as the 
diet with 20 % fish meal. 

Conclusion 

It is unknown but certainly doubtful if the same results 
would have been obtained in clear water without bioflocs. 

Research in the past has proven that the presence of 
bioflocs can increase growth by 15 % and decrease FCR by 
40 %, which means that shrimp can benefit from the nutri¬ 
tional quality of bioflocs. 

A good balanced feed can be produced without the utiliza¬ 
tion of marine proteins, as long as digestible protein sources are used and amino acids are balanced. The 
diet without marine proteins is about €160 per tonne cheaper in raw material cost. 

The combination of such a diet and utilization of a biofloc system enables sustainable production of 
shrimp anywhere in the world: 

- No water exchange during farming and recuperation of water for next cycle 

- Recycling nutrient feces via bioflocs 

- Limited utilization of natural resources 


For more information or to obtain literature references, please contact Eric de Muvlder or 
visit www.crevetope.be 


£ 



The AFT—CreveTec Research center in 
Venray, Netherlands 
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New Perspectives on Copper Requirements 
and Availability for Pacific white shrimp 
(Litopenaeus vannamei) 


Anant Bharadwaj 1 , Craig Browdy 1 , Susmita Patnaik 2 and Addison Lawrence 2 
^ovus International, Inc., 20 Research Park Drive, St. Charles, MO 63304 USA 

2 Texas AgriLife Research Mariculture Laboratory, Texas A&M University System, 1300 Port Street, Port 
Aransas, TX 78373 USA 



The limited 


availability and rising costs of fish meal have 
resulted in the increased use of plant protein 
■meals in fish and shrimp feeds (Tacon and Metian 
2008; Naylor et al. 2009). However, the use of plant proteins may result in the lower availability of min¬ 
erals due to the presence of mineral antagonists such as phytic acid. Phytic acid binds with divalent 
cationic trace minerals rendering them unavailable to the animal and these are consequently lost to the 
environment as waste (Cheryan 1980; Davis et al. 1993; Davis and Gatlin 1996; Li and Robinson 1997). 
Chelated forms of trace minerals are viewed as a solution towards increasing the availability of divalent 
cations such as copper to aquatic 
animals due to their relatively lower 
affinity to binding with phytic acid. 

The MINTREX® line of trace minerals 
consists of a range of divalent trace 
metals bound to two molecules of 
HMTBa (2-hydroxy-4- 
methylthiobutanoic acid; hydroxy 
analog of methionine) in an ex¬ 
tremely stable configuration. The 
stability of these chelated trace 
mineral molecules renders them less 
available to binding by the side 
chains of the phytic acid molecule. 

These molecules are thus able to 
reach receptors located in the 
epithelial layer of the intestine 
where they are absorbed into the 
circulation of the animal (Eide 2004; 

Yi et al. 2007; Wang and Zhou 2010). 


Experimental system at Mariculture Laboratory, Texas A&M, Port 
Aransas, Texas, USA, which was used for the study 
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MINTREX chelated minerals therefore, are both a source of highly available trace minerals and also a 
source of methionine. The HMTBa in the MINTREX molecule is absorbed across the gut wall and is con¬ 
verted, through a series of enzymatic steps, into L-methionine which is utilizable by both terrestrial and 
aquatic animals (Dibner and Knight 1984; Dibner et al. 1987; Swick et al. 1995; Forster and Dominy 2006; 
Lobley et al. 2006; Gonzalez-Esquerra et al. 2007; Yi et al. 2007). A preliminary study in shrimp that 
evaluated the effects of copper sulfate and MINTREX copper, indicated a MINTREX copper requirement of 
54 ppm but no response to inorganic copper was observed suggesting that inorganic copper may have been 
bound by phytic acid and rendered unavailable (unpublished results). Copper is an essential trace ele¬ 
ment for shrimp and is required for the formation and function of the respiratory pigment, hemocyanin. 

It is also important for immune function, enzyme activity and the formation of connective tissue (Davis et 
al. 1993; Shiau and Bai 2009). Therefore, the present study was conducted with the aim of evaluating the 
response of both inorganic and MINTREX copper in shrimp fed diets that contained known levels of phytic 
acid. 

Objective: Evaluate the effects of inorganic copper 
and MINTREX copper on the performance of shrimp fed 
diets containing phytic acid. 

Materials and Methods 

A base diet composed mainly of wheat starch, casein, 
gelatin, squid meal and soy protein isolate was formu¬ 
lated to be deficient in copper (8 ppm copper) (Table 
1). The diet, formulated to contain approximately 35% 
crude protein and 8% crude fat, met all nutritional re¬ 
quirements of the Pacific white shrimp. The mineral 
premix used in the diet was devoid of copper and zinc; 
zinc was added separately to the diet in the form of 
MINTREX zinc to meet the requirement. All diets were 
mixed and pelleted at the Texas AgriLife Research 
Mariculture Laboratory, A&M University System, Port 
Aransas, Texas. Pellets were manufactured using a 
laboratory scale pellet mill and pellets were dried in a 
forced-fan oven at approximately 70°C and cooled at 
ambient temperature. Diets were then stored in a 
freezer at 0°C until fed. Two series of diets were for¬ 
mulated, one containing copper from copper sulfate 
ranging from 55-64 ppm (55, 80, 116, 168, 243, and 363 
ppm respectively) and the other containing copper from 
MINTREX copper ranging from 26-83 ppm (26, 39, 52, 

65, and 83 ppm respectively). All experimental diets 
also contained 1.2 -1.3 % phytic acid which is similar to 
concentrations observed in commercial diets. 


) 



Table 1. Base diet used to evaluate copper 
sulfate and MINTREX copper in shrimp diets 


Ingredients 

Per¬ 

cent 

Wheat Starch 

29.62 

Casein 13.30 


Gelatin 13.00 


Soy Protein Isolate 

7.00 

Dicalcium Phosphate 

6.00 

Squid Muscle Meal 

6.00 

Dry Lecithin ,95% 

4.00 

Cellulose 3.20 


Menhaden Fish Oil 

2.60 

Diatomaceous Earth 

2.35 

Potassium Chloride 

2.50 

Calcium Carbonate 

2.20 

Alginate (Manucol F) 

2.00 

Magnesium Oxide 

1.60 

Chromic Oxide 

1.00 

Sodium Hexametaphosphate 

1.00 

Phytic Acid 

1.00 

Soybean Oil 

0.60 

Vitamin Premix 

0.25 

Copper-Free Mineral Premix 

0.21 

Cholesterol 0.20 


L-methionine 0.10 


Vitamin C 

0.04 

MINTREX Zinc 

0.02 

Manganese Sulfate Monohydrate 0.01 


Sodium Selenite 

0.00005 
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The thirteen diets were fed to shrimp during a growth trial that was conducted at the Mariculture Labora¬ 
tory at Texas A&M, Port Aransas, Texas, USA. Juvenile shrimp (initial weight 0.4 g) were obtained from a 
hatchery in Texas and assigned randomly to 26 L tanks (10 replicates per treatment). Each tank was 
stocked with 6 shrimp that were fed 14 times daily with an automatic feeder to excess to attain a final 
FCR of approximately 2.0. Uneaten feed, feces and molts were removed daily. The study was carried out 
in two re-circulating systems that were supplied with filtered seawater of ambient salinity that was 
pumped in from the adjoining bay. The water temperature during the study was held at around 30°C. 
Water temperature, dissolved oxygen, salinity, pH and ammonia concentrations were measured on a regu¬ 
lar basis. The growth trial was conducted for 6 weeks and at the end of the trial shrimp were weighed to 
calculate weight gain. Performance data were subjected to one way analysis of variance using systems as 
a blocking factor. When significant differences were detected (p<0.05) differences in means were sepa¬ 
rated using the Least Squares Means method. 

Results and Discussion 

Water quality parameters were consistently maintained within the range acceptable for this species. 
Shrimp fed experimental diets performed well; average final weight at the end of 6 weeks ranged from 
8.74 g - 10.11g and the growth rate of shrimp ranged from 1.46 g/week to 1.71 g/week (Table 2) starting 
with an initial weight of 0.4g. This represents a change in weight of 2185 to 2525%. 

In general, shrimp required 3-4 times more dietary copper from copper sulfate to produce comparable 
final weights (9.5-10 g) than from MINTREX copper (Fig 1; Table 2). This can also be observed for weight 
gain of shrimp fed the different sources of copper (Table 2). 


Fig. 1. Final weight (g) of shrimp fed either copper sulfate or MINTREX® copper 
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Table 2. Performance parameters in shrimp fed copper sulfate or MINTREX® copper 


Diet 

Copper, mg/kg 

Final Weight, g 

Weight Gain, g 

Growth, g/wk 

Base 8 


8.74a 

8.35a 

1.46a 

Copper Sulfate 

55 

9.38abc 

8.99abc 

1.57abc 

(CuS04.7H 2 0) 80 


9.20ac 

8.82ac 

1.54ac 


116 

9.37abc 

8.99abc 

1.57abc 


168 

9.91bc 

9.53bc 

1.67bc 


243 

10.11c 

9.73c 

1.71c 


363 

9.34abc 

8.96abc 

1.57abc 

MINTREX Copper 

26 

9.44abc 

9.01abc 

1.58abc 


39 

8.99a 

8.61a 

1.51a 


52 

9.92bc 

9.53bc 

1.67bc 


65 

9.25ac 

8.86ac 

1.55ac 


83 

10.04bc 

9.65bc 

1.69bc 


Weight gain for treatment groups fed 168 and 243 ppm of copper, from copper sulfate, were significantly 
higher than that observed for the base group (8ppm). Weight gain in the group fed 243 ppm was also sig¬ 
nificantly higher than that in the group fed 80 ppm copper. Weight gain in shrimp fed 52 and 83 ppm MIN¬ 
TREX copper were significantly higher than the based diet fed group and the group fed 39 ppm MINTREX 
copper. There were no significant differences in weight gain between groups fed MINTREX copper and 
copper sulfate but data suggest it required 3-4 times the amount of dietary copper sulfate than MINTREX 
copper to produce a comparable weight gain. 

Dietary copper levels were observed to influence tissue copper concentrations (Table 3). Both whole body 
and hepatopancreas copper concentrations increased with increases in dietary concentrations of either 
source of copper. Higher copper concentrations were observed in hepatopancreas of shrimp fed higher 
levels of copper sulfate (168-363 ppm) and were significantly higher than concentrations observed in 
shrimp fed the base diet or 55 ppm copper sulfate. Hepatopancreas copper concentrations in shrimp fed 
65 ppm MINTREX copper were significantly higher than those in shrimp fed the base diet. Hepatopancreas 
copper concentrations in shrimp fed different levels of dietary MINTREX were not significantly different 
from one another. Whole body copper concentrations in shrimp fed the base diet was significantly lower 
than those measured in shrimp fed all other diets. Whole body copper levels in shrimp fed 243 ppm cop¬ 
per from copper sulfate was also significantly higher than the level in shrimp fed 55 ppm copper. Shrimp 
fed 26 and 39 ppm MINTREX copper had significantly lower whole body copper concentrations compared 
to shrimp fed 65 ppm MINTREX copper. Overall trends showed that the highest levels of both hepatopan¬ 
creas and whole body copper were observed in shrimp fed 4-5 times less MINTREX copper than inorganic 
copper sulfate, suggesting that chelated copper is a more available form of dietary copper for marine 
shrimp (Table 3). 
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Table 3. Effects of dietary copper sulfate or MINTREX® copper on tissue copper concentrations in Pacific 
white shrimp. 


Diet 

Copper mg/kg 

Hepatopancreas Copper 
mg/kg 

Whole Body Copper 
mg/kg 

Base 8 


57.65a 

58.5a 

55 


327.5ab 

158bd 

(CuS04.7H20) 80 


792.Oab 

177.5bcd 


116 

882.Oab 

180.0bc 


168 

993.0b 

179.0bc 


243 

1407.0b 

213.0c 


363 

1487.0b 

186.0bc 

MINTREX Copper 

26 

638.Oab 

140.0d 


39 

778. Oab 

134.0d 


52 

703.Oab 

166.0bd 


65 

1630.5b 

181.Obc 


83 

868.Oab 

160.5bd 


Performance results and tissue copper concentrations demonstrate that chelated copper was more avail¬ 
able than inorganic copper sulfate to Pacific white shrimp from diets containing phytic acid. These data 
suggest that 3-4 times the quantity of inorganic copper is required to produce growth that is comparable 
to that observed in shrimp fed MINTREX copper. These results indicate that MINTREX copper is a safe, 
effective and highly available source of copper for Pacific white shrimp Litopenaeus vannamei. 


For references or more information, please contact Anant S. Bharadwai, Ph. D 
Aquaculture Nutritionist, Novus International, Inc. USA. 
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ARTEMIA REPLACEMENT 


an opportunity for industrial hatchery 
production 


By Nick King, Dr. Philippe Dhert, Eamonn O'Brien, Skretting, Sjehagen 15, 4016 Stavanger, Norway 
Brett Newman, GreatBay Aquaculture LLC, 153 Gosling Road, Portsmouth NH 03801, USA 



harvest quotas for products from fisheries, some 
|Artemia harvests are regulated and this has resulted in 
erratic availability since the late 1990s. These shortages 


result from natural changes in primary production but during the last decade environmental changes 
caused by direct and/ or indirect human activities have gradually destabilized the fragile saline ecosys¬ 
tems. Incidences with pesticides and heavy metal pollutants have been reported in Artemia causing 
concern for wildlife and depending industries. The reliance of larval aquaculture on a finite live food 
resource with increasing bio-security concerns is a potential hazard for the further development of the 
industry. Artemia cysts are typically collected in migratory bird sanctuary areas and are potential vectors 
of undesirable pathogens such as white spot and lymphocystis. The potential presence of these pathogens 
requires ineffective remedial protocols in Artemia such as the use of antimicrobial agents and disinfec¬ 
tants, however these are not always approved by local government agencies safeguarding the environ¬ 
ment and food safety. 

Seeking more sustainable hatchery production, Skretting has played a pioneering role in advancing 
Artemia replacement in marine hatcheries using its patent-protected micro-diet, GEMMA Micro. During 
the last decade, GEMMA Micro underwent several nutritional and manufacturing processes in which it was 
transformed from a research diet to a commercial user-friendly diet replacing Artemia for approximately 
200 million fish larvae today. Skretting's latest GEMMA Micro contains a blend of marine algae that acts in 
a matrix with other ingredients to ensure exclusive nutritional and physical properties. The protein/fat 
balance of the diet is formulated with a high percentage of soluble hydrolysed marine proteins, marine 
fatty acids and phospholipids to ensure digestion, growth, and development of young larvae before and 
during metamorphoses. Additionally, refined manufacturing techniques ensure high particle stability and 
provide control over physical characteristics such as spreading and sinking speed. 

While nutritional stability in live feeds is erratic, nutrient levels are fixed in GEMMA Micro. This stability 
in nutritional quality is important as it allows standardisation in the hatchery operations and opens new 
possibilities for automation and industrialisation to relieve costs on production. For larval feeding, current 
technology makes it possible to produce GEMMA Micro within small, pre-defined particle size ranges start- 
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ing at 75p and gradually increasing to 500p without any nutritional variability. This is clearly an advantage 
over live feeds which constantly challenge larvae to "leap" to ingest larger prey. While some larvae in the 
population will instinctively do this, others are left behind from cohorts for a short period of time, thus 
creating a "survival of the fittest" scenario which can inflict early disparity in size distribution among 
cohorts. 

As larvae ingest individual prey, it is also interesting to compare particle count (number per gram) and 
particle mass (pg) between GEMMA Micro and Artemia. A gram of micro-diet GEMMA Micro 150 (GM150) 
contains approximately three times more particles than a gram of newly hatched Artemia nauplii. Addi¬ 
tionally, a particle of GM150 has approximately three times greater mass than a newly hatched Artemia. 
Considering the larvae's limited ability to seek out prey and the finite volume of the stomach, chances for 
feed encounter and chances for survival are considerably increased while competition among larvae for 
prey/diet ingestion is decreased. With this in mind, it is reasonable to explain how growth performance of 
larvae reared on GEMMA Micro goes beyond what may be acceptable today with Artemia. 

Since 2008, GreatBay Aquaculture (GBA; Portsmouth, NH, USA) has partnered with Skretting in taking a 
methodical approach to adapt the standard production technique into Artemia replacement protocols. 

This has been done on a species by species basis starting with Atlantic cod as the first to undergo full 
transformation to Artemia replacement, since 2009. Subsequently, further trials and commercial produc¬ 
tions have followed with Summer flounder, European sea bass and Gilthead sea bream. Due to the limita¬ 
tions of this article only two examples can be briefly elaborated. 



The green Artemia replacer 


GEMMA Micro is Skretting's proven alter¬ 
native to Artemia in the hatchery rearing of 
marine fish larvae. 

The unique, patented formulation based on an 
innovative marine algae blend, coupled with 
a lew temperature production process and 
enhanced physical properties, enables direct 
weaning from rotifers onto GEMMA Micro. 

GEMMA Micro is part of Skretting's Spec¬ 
trum portfolio of feeds for marine hatcheries. 

Feeding your passion for fish 


SKRETTING 


Ql 
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Flounder and sea bream rearing protocols 

Shortly after hatch, flounder larvae (3.5mm TL) were stocked into a larval rearing tank that was inte¬ 
grated to a recirculation system used for marine fish production. Enriched rotifers were fed to both tanks 
three times per day (0500, 1300, 2100). Rotifers were enriched with ORI-GREEN (250ppm for 3hrs) and fed 
to the larvae three times per day (0500, 1300, 2100) according to standard practice that is based on visual 
inspection of plankton density immediately prior to the next feeding. GSL-Artemia were enriched with 
ORI-GREEN (400ppm for 14hrs) and fed to the control tank four times a day at 0900, 1500, 2100, 0300. Co¬ 
feeding and weaning of the Artemia replacement tank was performed according to Skretting protocol de¬ 
scribed later in this article. The control tank was weaned using Otohime (Marubeni Nisshin Feed Co.) for 
flounder and GEMMA Wean for sea bream. The trial lasted until 75dph for flounder when the fish were 
evaluated for survival and malpigmentation rate. Sea bream were graded at 67dph and evaluated for sur¬ 
vival, swim bladder inflation, and deformity. 


Table 1. Flounder and sea bream feeding regime 



ARTEMIA REPLACEMENT 

CONTROL 


Flounder 

Sea bream 

Flounder 

Sea bream 

Rotifers 

1-24 dph 

2-30 dph 

1-27 dph 

3-22 dph 

to size (TL) 

8.4mm 

9.7mm 

9 mm 

7.5 mm 

Artemia 

to size (TL) 

None 

None 

23-38 dph 

11.5 mm 

21-50 dph 

14mm 

Co-feeding 

15-18 dph 

18-21 dph 

23-28 dph 

20-34 dph 

size (TL) 

7.3mm 

7.1mm 

10 mm 

9.2mm 

Weaning 

19-24 dph 

22-30 dph 

29-38 dph 

34-50 dph 

to size (TL) 

8.4mm 

9.7mm 

11.5mm 

14mm 


The same strategy was employed for co-feeding, weaning, and post-weaning of the flounder and sea 
bream in the Artemia replacement trials. A five stage approach was taken whereby an initial co-feeding 
period is followed by three stages of rotifer meal reductions, and ending with a post-weaning period 
(Table 2). During the co-feeding period, rotifers are fed to the larval tank in batches (i.e. "meals"), and 
weaning diet is presented to the larvae for a period prior to each rotifer meal. Following co-feeding, roti¬ 
fer meals are shifted (Stage 1) and dropped in succession (Stages 2&3) until the transition to diet is com¬ 
plete. Typically, a co-feeding or weaning stage is held for 2-4 days depending on characteristics of the 
species in production. For flounder, co-feeding lasted for 4 days followed by 2 days at each weaning 
stage. With bream, 4 days of co-feeding were followed by 3 days at each weaning stage. 
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Feed was delivered using a vibratory feeder connected to a programmable timer that allowed specific 
feeding periods, frequency of feed events within each period and the durations of each feeding event. 


Table 2. Co-feeding, weaning, and post-weaning program for GEMMA Micro with flounder and sea bream 


STAGE 

FEED TYPE 

SEABREAM FLOUNDER 

ROTIFER 

(feed time) 

FEEDING PERIOD 

FEEDING ON 

FREQUENCY (minutes) 

SEABREAM FLOUNDER 

COFEEDING 

GM75/150 

GM150 

1300, 2000, 

0500 

1000-1200 1800-2000 

0300-0500 

30 

30 

STAGE 1 

GM75/150 

GM150 

1600, 2000, 

0500 

0900-1100 1300-1600 

1800-2000 0300-0500 

20 

20 

STAGE 2 

GM150 

GM150 

2000, 0500 

0800-1000 1200-1500 

1700-2000 0100-0400 

15 

20 

STAGE 3 

GM150 

GM150 

2000 

0700-1000 1200-1500 

1700-2000 0100-0400 

12 

20 

POST- 

WEANING 

GM150 

GM150 


0700-1000 1200-1500 

1700-2000 0100-0400 

12 

20 
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Artemia replacement with Summer flounder 

Summer flounder began accepting GEMMA Micro almost immediately, and by the end of the co-feeding 
stage (18dph), 50%of the fish had fully accepted the weaning diet. By the end of Stage 2 weaning, 100% 
of the larvae had evidence of feed in their gut tract. Weaning from rotifers was completed at day 24 post¬ 
hatch. Metamorphosis proceeded normally for the Artemia replacement fish with eye migration occurring 
between 40-50dph. The growth curves for both treatments were similar as both reached 25mm (TL) by 
68dph. However at 75dph, the average weight of fish receiving GEMMA Micro was significantly higher than 
that of the control treatment receiving Artemia. Survival for the GEMMA Micro fish and the control treat¬ 
ment was very similar. Interestingly, when pigmentation was complete, there was a clear color difference 
between the GEMMA Micro-fed fish and the control fish. While the control fish showed a uniform grey 
color typical of hatchery produced j uveniles, the GEMMA Micro-fed fish had a distinct olive/ brown color 
more similar to naturally occurring pigmentation (Figure 1). Malpigmentation rate was similar between 
the two tanks (GEMMA Micro=5.9% Control =5.7%). 

Artemia replacement with Sea bream 

Sea bream larvae immediately began to feed on GEMMA Micro 75/ 150 mix the first day of co-feeding 
(18dph; 330 degree days). 100%of the larvae sampled had accepted the feed after Stage 1 weaning; how¬ 
ever, the weaning program was continued to allow a more gradual transition from rotifers. Weaning was 
complete by 30dph (560 degree days). Growth was similar between treatments until the onset of weaning 
(Figure 2). In the GEMMA Micro treatment a short lag period during weaning was followed by a rapid 
growth rate that resulted in a larger mean size by day 36 post-hatch (672 degree days). Artemia replace- 


Figure 2. Growth of sea bream in degree days (the GEMMA-Micro fed fish is shown on the bottom) 
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merit fish continued to have a larger size than the standard fish following this growth divergence, and by 
day 67 post-hatch, the mean weight of the GEMMA Micro fish was 0.27g compared to 0.19g for the control 
fish. 

As with the flounder experience, survival of sea bream in the Artemia replacement trial was similar to the 
control tanks and the GEMMA Micro-fed fish exhibited a superior pigmentation. In the GEMMA Micro treat¬ 
ment 70%of the fish were separated as "large" grade on a 3mm grader, and 30%were "small" grade while 
in the Artemia control tank 30%was graded "large" and 70%were separated "small". No difference was 
noticed in malformation of the fish in both treatments. 


Having the ability to remove Artemia from the production process for flounder and sea bream is a signifi¬ 
cant step to simplifying the production protocol in the hatchery. However, it is critical that this can be 
done without detriment to fish quality and economics. For flounder, no compromise to fish growth, 
metamorphosis, or malpigmentation was noticed using the GEMMA Micro Artemia replacement protocol. 
In fact, with regard to pigmentation, flounder fed GEMMA Micro had a more pleasing coloration. For sea 
bream, the evidence from this trial and subsequent market feedback, suggests that fish weaned early 
using GEMMA Micro grow faster and ultimately to a larger size than those fed Artemia and standard 
weaning diets. At the conclusion of this production, 70%of the GEMMA Micro reared fish were separated 
as large grade compared to only 30%large grade from the standard production tank. Similar results were 
obtained with other species showing the potential of GEMMA Micro to economically replace Artemia with 
benefits in terms of quality, growth and reliability of production. 


For more information or to obtain literature references, please contact Eamonn O'Brien 


or visit www.skrettinq.com/ spectrum 


Donate A Fish Pond - Give A Family Food Security For Life 

The season of giving is upon us and what better way to share 
the spirit than to provide food and a secure future to those 
most in need. 

Your donation of US$ 100 is sufficient to construct a family 
pond measuring 100 square meters, provide an initial stocking 
of fish, and training so that a family will have a secure source 
of food for years to come. 

Since many families have four or more children, a donation of 
US$ 100 will have a direct positive impact on a family of six. 

Your generous support can help so many. Please consider 
donating a fish pond to support a family in the developing 
world. Click Here to make a secure on-line donation to AwF 
today. 

Learn more about the work of Aquaculture Without Frontiers 

here. 


A family proudly displaying their harvest of fish 



THANK YOU! 
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EMPYREAL* 



Empyreal® 75 is changing the way fish and leading 
aquaculture feed manufacturers look at protein. 

For starters, Empyreal 75 is the first and only 
protein concentrate made from corn. This high-energy, 
naturally pure protein source provides the nutrition 
fish need in a highly digestible ingredient. 

And industry experts are drawn to the fact that 


Empyreal 75 is manufactured in the US, bringing with 
it superior supply assurance beyond any specialized 
protein ingredient available to the industry. Not to 
mention that fish and shrimp thrive on this sustainable 
protein source at a fraction of the cost of fish meal. 

To learn more, visit E75aqua.com. And be prepared 
for a whole new perspective on protein. 




EXTRUSION 

a SANITARY FEED PRODUCTION 


By Joe Kearns, Wenger Manufacturing, Inc., USA. 


Aquatic feed; 


production is an industry very similar in nature to pro- 
I duction of petfoods. Regulatory rules are in place in 
many areas including the US and EU countries. “In the 
USA the FDA regulates that can of cat food, bag of dog food, or box of dog treats or snacks in your pan¬ 
try. The FDA’s regulation of pet food is similar to that for other animal feeds. The Federal Food, Drug, 
and Cosmetic Act (FFDCA) require that pet foods, like human foods, be safe to eat, produced under sani¬ 
tary conditions, contain no harmful substances, and be truthfully labeled.” (www.fda.gov) The aquafeed 
industry also applies obviously if considered as another animal feed. It is generally a good practice to 
eliminate salmonella. This bacterium is also considered the worst or hardest to control. If you control 
salmonella you have basically controlled all of the nasty ones. 
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Temperatures and Minutes Required To Kill Various Classes of Microorganisms 
(Source: 2008, January, Dr. Daniel Fung, “Synopsis of Food Microbiology” Seminar). 
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Don’t panic! A brief discussion on how sanitary conditions and controls can assist in these endeavors in the 
aquafeed industry 

Historically testing has shown that the extrusion process does fully eliminate salmonella when properly 
managed. The goal is to understand the process and how and when the system is in salmonella elimina¬ 
tion condition. Reviewing the overall process we must begin with the raw materials. We have to assume 
that the raw material contains salmonella, as ingredient suppliers can not in many cases guarantee they 
are free of bacteria. 

Plant design should consider separation of raw material and the finished and or processed products. Walls 
and air pressure reduce the chance of air borne bacteria from moving around the plant. Also walls should 
be considered to separate wet processing areas from the dry processing areas. Dry areas are generally 
considered to be the dry raw material storage area as well as the drying and cooling areas. Wet areas 
would be the wet raw material area, extrusion area and coating. 

The raw feed mix is delivered to the extrusion cooker where the preconditioner and extruder barrel 
independently achieve approximately 85 to 95° C and 125 to 145° C respectively. Reviewing the chart on 

Critical Control Point 

Preconditioner and Extruder Temperature Validation 
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the first page of this article, you can see that salmonella is eliminated at 77 C° thus there are two tem¬ 
perature critical control points that exist in this production step. A question should arise; does the 
extruder always run at these temperatures? We can’t guarantee this, thus the control and management 
of the system is required to insure production of sanitary feeds. Conditioner and extruder barrel 
discharge control coupled with computer management of the system can restrict the flow until certain 
specific criteria are met. This would allow these two critical control points to be confirmed and recorded 
for traceability requirements on processing conditions. The temperature probes would need to be 
calibrated and confirmed with written confirmed procedures for HACCP plans if utilized. 

It is well know that when the extrudate exits the extruder barrel the feed is sanitary for the time period 
it falls or before it contacts a conveyor surface down stream from the extruder. Hoppers, belt conveyors, 
bucket elevators are notorious for bacteria development. Pneumatic systems are considered to be the 
cleanest conveying design in the feed industry post extrusion. Development of a hygienic pneumatic 
hood, the device that couples the extruder to the pneumatic transportation tube, includes a filtered I 
ntake air device to remove airborne particles. (HEPA 99.99%) Also a pasteurization cycle built into the 
system allows it to be sanitized. These developments with an in plant cleaning procedures insure the 
product moves to the dryer without being compromised. This system moves the product mainly to a dryer 
to remove excess moisture. Dryers use heat and it is not unusual to achieve a temperature of the dryer 
air in the 130 C° range. Some aquatic products include pigments and then it is desirable to keep the 
temperature to 80 C° or lower hence the need to insure sanitary conditions. 


Under normal operation conditions for many extruders you have steam and vapors escaping from the at¬ 
mospheric preconditioner and the end of the extruder barrel. Systems have been developed to assist in 
these two areas. The conveying system discussed above removes the vapors when the product is con¬ 
veyed pneumatically. 


Typical escape of vapor and 
recipe particulate from the 
preconditioner vent 
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There are many problems associated with capping the preconditioner vent and not allowing the vapors to 
escape. In light of this a product recovery system was developed to collect not only the under processed 
materials but it also can capture the escaping vapors and particulates and prepare them to be reintro¬ 
duced back into the extruder directly. 



This photo shows the results when the recovery system is in operation. 

In its own right this system not only maintains a cleaner extrusion area it also assists in placing the 
operator in the right frame of mind regarding sanitation as it would be his position to collect the under 
processed material and place it the system and to also manage its operation. The recovered material is 
blended with water and then pumped back into the system. The use of a system such as this has shown to 
be advantageous in that raw material saved and in normal plant operating conditions results show it 
would pay for this system normally in less then one year. 

Dryers are special devices as they process a wet product in the presence of heat which is an ideal incuba¬ 
tor if it is not managed correctly. This will be discussed in future issues regarding sanitation and dryer 
developments. Assuming the feed exists the dryer in good form it again contacts conveyors and down 
stream equipment. These devices need to be designed for sanitation with access and in mind. Generally 
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when the product is dried correctly the process gets a little simpler when you keep in mind the overall 
plant design will now work in your favor. Keeping raw material fines out of the dryer area by locating the 
air inlets correctly and the use of walls and possibly air pressure allow this area to be kept in good order. 
Conveying through the wall to a wet area for coating maintains the integrity of the drying room by limit¬ 
ing the wet ingredients from entering. Coating areas may require wash down cleaning depending on the 
quality and the ingredients applied. Equipment design, location of drains and slope of the floor are some 
of the aspects that should be considered in this area. Also a negative pressure is sometimes used to elimi¬ 
nate any mist from moving out of this area if atmospheric application is used. 

Finally the finished product is placed in bins and packed for shipment. Care should be taken again based 
on the top coating and the ingredients used and their possibility to deposit residue on equipment and 
product transportation surfaces. Good manufacturing practices, cleaning procedures, cultures of equip¬ 
ment surfaces and the overall implementation, execution and following of a sanitation and production 
plan is most important in insuring the safe production of any feed product. 


For more information please contact Joe Kearns or visit www.wenger.com 



SABETHA, KANSAS 
USA 


USA 785-284-2133 
BELGIUM TAIWAN 


INFO@WENGER.COM 
BRASIL CHINA 


WWW.WENGER.COM 

TURKEY 




innovation is our enduring legacy. 


Since 1935, we've been helping 
customers solve problems and 
capitalize on opportunities faced 
by their businesses. 

Seventy-five years ago, a key 
answer was a molasses mixer. 
Today, the solutions tend to be 
more technologically complex - 
but our founding pledge remains 
unchanged. 

At Wenger, we innovate to solve 
customer challenges. 

And then we do it again. 


WENGER Inventing the new original since 1935. 
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AQUAFEED HORIZONS 2011 

An Aquafeed.com conference in association with NOFIMA 


Dr. Olai Einen, Director of 
Research, Nofima, Norway, will 
welcome delegates to the 5th 
Aquafeed Horizons Conference, 
which will take place May 3, 2011, 
the opening day of Victam 2011, 
in Cologne Germany. 

The conference for the interna¬ 
tional aquatic feed and nutrition 
sector will focus on nutritional 
advances and processing technol¬ 
ogy. Scientists from Nofima will 
come together with industry ex¬ 
perts to present the latest ad¬ 
vances in the field. 


PROGRAM 

Optimal pellet quality is a trade-off 
between durability and responses in the 
fish 

Turid Synnove Aas, Nofima, Norway 

Handling, storing and transport of feeds 
lead to attrition of pellets. Undersized 
particles represent loss and poor utiliza¬ 
tion of feed resources. Thus, feeds with 
high physical pellet quality are demanded. 
However, the physical properties affect 
the nutritional value of feeds. Research 
shows feed intake appears to be a main 



Cologne, Germany—the new venue for the conference 

Cologne, Germany, is the exciting new venue for 
Victam 2011, the world’s biggest and most 
important feed show. 
Aquafeed Horizons Conference will take place 
alongside Victam, on the opening day, 

May 3, 2011. 
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factor when evaluating pellet quality, but several 
other factors, such as pellet durability, nutrient 
digestibility and fat belching must be taken into 
consideration when searching for the most eco¬ 
nomical and sustainable pellet quality, she will 
explain. 


Multivariate modelling of extruded fish feed 
pellet quality 


AfORiTL 

Feed & Biofuel 

Key machinery 

Complete 
extrusion lines 


Tor Andreas Samuelsen, Nofima, Norway 

In this presentation results of research into the 
impact on pellet hardness and durability of 
commercial fishmeal parcels combined with low, 
medium and high water and steam input levels in 
the extrusion process will be discussed. The 
information can be used by the aquafeed indus¬ 
try to better understand and correct the 
observed variance in extrusion properties and 
pellet quality and to improve the product specifi¬ 
cations used by fish meal producers and purchas¬ 
ers. Examples on how the knowledge can be used 
to solve problems in the extrusion process will be 
discussed. 


Planning a Strategic Path for Feed Safety in 
Aquafeed Plants 

Joseph P Kearns, Wenger Mfg., Inc. USA 



The developing trend in aquafeed plants is to 
insure feed safety throughout the production 
process. A strategic path to accomplish this 
would be to assess and design the facility with 
attention to raw materials and their storage, 
plant equipment design, processing or operating 
procedures, final product efficacy and the over¬ 
all culture or day to day operation of the plant. 
The way forward in aquafeed production safety is 
to strive to identify and validate critical control 


provide the newest 
technology for production 
of the most demanding 
extrudates within aquatic 
feed and pet food 
industries. 

www.andritz.com • 


Extrusion features: 

* Starch cook control 

* Bulk density control 

* FI aw mate rial flexibility 

* Nutrient advantages 

* Optimal p rod u ct unifo rm ity 

* Unique visual appearance 

an dr i tz-f b @ andrltz.com 


GLOBAL PRESENCE • GLOBAL SERVICE _ 

Denmark- Netherlands- Germany- France-UK - USA- Brazil 
Venezuela - Chile - Mexico - Australia - Vietnam - PR.China 
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points in the process; avoid recontamination in 
downstream areas and install a finished product 
testing procedure for validation, Kearns will say. 


Trends in aquafeed: Relevence and technical 
solutions 

UrsWuest, Buhler, Switzerland 

Changes throughout the entire aquafeed value 
chain will impact feed millers in the near future 
and beyond. Urs Wuest will present the current 
trends in the aquafeed industry to ensure feed 
and food safety and hygiene. This will include 
the changes in raw materials, feed manufactur¬ 
ing, aquaculture, processing of the fish and crus¬ 
taceans and the demand from customers in total 
and by fish species. Further will be explained 
how changing requirements in the aquafeed in¬ 
dustry translate into a demand for specific tech¬ 
nical requirements, such as extrusion technology. 


Aquafeed sourcing, key to successful aquaculture 
sector 

Mrs. Valeska Weymann, GLOBAL G.A.P., 

Germany 

Certification is a tool aquafeed manufacturers 
can adapt to demonstrate responsible sourcing of 
ingredients. Sourcing plays a key role in opera¬ 
tional costs: raw materials are subject to risk 
assessment, including economical, supply chain, 
safety and ecological assessments. Where feed 
contains fishmeal and/or fish oil, it is desirable 
to know the species used and country of origin 
together with proof that it does not contain en¬ 
dangered. At the processing level HACCP sys¬ 
tems must be in place as well as consideration to 
workers health and safety. Animal protein must 


grapas 

m international 


THE CONFERENCE 


Join flour millers and grain processors from 
across Europe and beyond to learn about the 
latest developments in flour milling, grain 
processing, grain and finished product stor¬ 
age and handling solutions on May 5, 2011, in 
Cologne, Germany. 

The German Millers Association will welcome 
grain industry delegates to a full day of techni¬ 
cal presentations. Topics will include: 


■ HEALTHGRAIN - results and perspectives ■ 
Long term preservation of high moisture grain 
under European conditions ■ Organising stored 
crop management; easy, safe and economical 

■ How twin screw extrusion faces health and 
environmental challenges of grain processing 

industries ■ Raw material to finished products: 
different scopes of NIR Spectroscopy applied at 
a bakery food producer ■ Trends in grain milling: 

Relevance and technical solutions ■ Improved 
feed hygiene and animal performance by means 
of structural grinding and expand use ■ 
and more 


(Online registration required to guarantee your place) 

www.feedconfefences.com 

---V». 


Gold Sponsor 

€ BUHLER 


Media Partner 

WORLD GRAIN 


UNX CONFERENCES 
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comply with the legislation of the country of production and pur¬ 
chase requirements of the country of destination. 

The use of seaweeds in aquatic feed 

Colin Mair, Ocean Harvest, Ireland 

Seaweeds are an under-used natural and sustainable resource in the 
feed industry, both for aquatic feeds and terrestrial feeds. Analysis 
of seaweeds shows them to be a rich source of many trace ingredi¬ 
ents, as well as having a significant quantity of high quality 'macro' 
ingredients. Ocean Harvest Technology has been involved in the re¬ 
search and development of a complex mix of seaweed powders that 
can be used to make a 'chemical-free' feed product, and have shown 
in rigorous commercial trials with fish and shrimp significant im¬ 
provements in health, growth rate, feed conversion ratios and resis¬ 
tance to disease. 


High growth rates in Atlantic salmon (Salmo salar L.) fed 7.5% fish 
meal in the diet. Micro-, ultra- and nano- filtration of stickwater and 
effects of different fractions and compounds on Atlantic salmon per¬ 
formance fed very low fish meal diets 

Katerina Kousoulaki , Nofima Ingredients, FylIingsdalen, Norway 


High growth rates and low fish in-fish out ratios (FIFO) were achieved 
in salmon fed very low fish meal diets. Feed intake, fish body 
growth, whole body protein content, protein gain and morphometry 
were significantly affected by the inclusion of different stickwater 
fractions in the low fish meal diets. The present work gives evidence 
on the multi-dimensional effects of the different marine water 
soluble components in fish performance. In order to identify novel 
high added value water soluble marine raw materials more studies 
must be conducted on the identification of specific functional effects 
of marine water soluble compounds in fish. 


Improved P utilization of marine feed resources 

Sissel Albrektsen, Nofima, Fyl I ingsdalen, Norway 

Phosphorus (P) is an essential element for normal energy metabo¬ 
lism, skeletal development and growth in fish. The main natural 


( 
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LOCATION 

Rooms 4 & 6 of the Rheinsaal, on 
the 2nd floor of Congress-Centrum 
Nord of Koelnmesse, Cologne, 
Germany - less then 100 meters 
from the entrance to Exhibition 
Hall 6, where the Victam exhibi¬ 
tion will be held. 


ACCOMMODATION 

Cologne has a wide range of 
accommodation. In association 
with Victam and the Koelnmesse, 
we have arranged special rates for 
conference delegates. 

Visit the conference website 

www.feedconferences.com 

for details. 


MARKETING OPPORTUNITIES 

Conference sponsorship and 
advertising in the delegates’ 
program is available on a first - 
come-first served basis. Please 
contact editor@aquafeed. com 
for details. 

USEFUL LINKS 

Conference website: 

www.feedconferences.com 

Trade Show: 
www.victam.com 
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source of P in commercial fish feeds are fish 
meals and fishery products. In fish bones. Fish 
have limited and variable ability to digest P from 
fish meal, making it difficult to predict that ade¬ 
quate P is present for normal growth and health 
of fish. Nofima Ingrediens has developed a proc¬ 
ess for alternative processing of the bone frac¬ 
tion of fish meal to make the minerals more wa¬ 
ter soluble and available. Improved digestibility 
has been demonstrated for macro minerals and 
trace minerals, although the variation in be¬ 
tween elements appears to be high. Selected 
results from a strategic institute program related 
to technological processing of the bone fraction, 
and to biological performance of salmon fed the 
P improved feed ingredients, will be presented. 


Effects on performance and product quality in 
Atlantic salmon fed diets reduced in organic pol¬ 
lutants 

Torbjorn Asgard, Nofima, Norway 

A short path distillation process has been devel¬ 
oped, using a volatile working fluid that effi¬ 
ciently removes persistent organic environmental 
pollutants from fish oils. Potential beneficial 
effects in the farmed fish from reducing the POPs 
in the feed oil, were tested in a study lasting 
from post smolt size to slaughter size. The fish 
were given feeds containing purified or not puri¬ 
fied fish oil. There was a tendency for better 
growth and feed utilization in the group receiv¬ 
ing feed containing purified oil, particularly dur¬ 
ing periods of high growth. They also appeared to 
better tackle handling stress during the slaugh¬ 
tering process and had a firmer texture. 


REGISTRATION 

You must register online to guarantee a place at this 
conference. Registration and more information at 
www.feedconferences.com. 
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May 4, 2011, Cologne, Germany. 

Brought to you by Linx Conferences in association with 
EUFETECH, The European Feed Technology Center 
( http://www.eufetec.eu ) 


PROGRAM 

Welcome, introduction: Gert van Duinkerken; Wageningen 
UR Livestock Research, the Netherlands 

Cross contamination in the compound feed industry; 
Directive 2009/8/EC, Fabrice Putier, TECALIMAN, France 

A Regulatory Update on Specialty Feed Ingredients 
in the EU, Thorsten Guthke, FEFANA, EU 

Enzymes as additives for upgrading the nutritive value of 
poultry diets containing sunflower, J ovanka Levic, 
Institute for Food Technology, Novi Sad, Serbia 

Nutritional value of wheat DDGS for ruminants and pigs, 
Johan De Boever, ILVO, Belgium 

Feed processing effects on bioavailability of Lysine, Thomas 
van der Poel, Wageningen University, the Netherlands 

Feed safety: a whole chain approach, J ohan den Hartog; 
GMP+ International, the Netherlands 

Rapid methods for chemical contaminants in feed: industrial 
needs and scientific perspectives, J acob de J ong; RIKILT, 
the Netherlands and Hans van den Heuvel, Nutreco, the 
Netherlands 

Choosing the right mycotoxin binders: important criteria, 
Delphine Melchior, Provimi Holdings, the Netherlands 

The potential for organic trace elements to improve animal 
health and reduce environmental impact of animal produc¬ 
tion systems, David Parker, Novus Europe, Belgium 

Distillers Dried Grains Produced From Corn Ethanol, 

Kip Karges, Poet Nutrition, USA 

(Online registration required to guarantee your place) 
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The 5th AQUA FEED HORIZONS 

INTERNATIONAL CONFERENCE 


"Advances in Aqua feed Processing <§t Formulation " 

May 3, 2011, Cologne, Germany 



Join your colleagues at the No.1 independent, international conference 
dedicated to advances in aquaculture feed. Learn about the latest developments 
in aquatic feed production from the leading research scientists from Norway’s 

Nofima and from industry experts. 


Register now for substantial Early Bird discounts! 
(Online registration required to guarantee your place) 

www.fee4confefence5.com 
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Marine Harvest farm, Norway 







